Abstract Apart from nutritional values functional and sensory properties affect the behavior of food system and its acceptability for consumption during storage. Hence keeping quality of maize flour (HQPM-7) with and without lime treatment(control) was studied in terms of functional (bulk density, pH, swelling capacity, water and oil absorption capacity, least gelation concentration, peroxide value), sensory (appearance, color, taste, texture, mouth feel and overall acceptability) and rolling parameters (water absorption by flour, rolling quality, diameter after baking ) for a period of 6 months under room temperature (25±5°C) in two types of packages viz, LDPE cover (P) and plastic box (B). Physical parameters such as length, breadth and thickness (11.26-10.52 mm, 9.67-9.14 mm, & 4.72-3.95 mm) were reduced in lime treated grains compared to control. Significant increase (p≤0.05) in ash content of lime treated flour (1.67±0.01 g) was observed compared to control (1.5± 0.02 g). Calcium content of lime treated maize flour increased significantly (p≤0.05) from 48 to 136 mg. There is a significant reduction in functional properties of flour after 3 and 2 months irrespective in polyethylene cover and plastic box. The properties like rolling quality, diameter after baking and water uptake by the flour were reduced significantly (p≤0.05) after 4 months of storage in treated and after 1 month in control samples. Sensory scores of roti (dry pan cake) decreased significantly after 3 months of storage with an overall acceptability score of 4.0 and 3.4. In control samples mean taste (3.6), mouth feel (3.8) as well as OAA scores (3.8) decreased after second month. Hence lime treated maize flour with added nutritional benefits is suitable for making rotis of good palatability and can be stored in LDPE covers up to 3 months.
Maize (Zea mays L.) is the third important food crop after rice and wheat, and is a good source of carbohydrates, proteins, fats and some of the important vitamins and minerals. It contributes to various end uses such as poultry feed (51 %), human food (23 %), animal feed (12 %), starch (12 %) and 1 % each for brewery and seed (Parihar et al. 2011 ). Since it is cheaper than wheat and rice, has great utility as food throughout the world. Several million people especially in the developing countries derive their calorie requirements from maize. In spite of its rich nutritional value, has not been considered as complete food due to lack of two essential amino acids viz, lysine and tryptophan. However, this problem has been overcome by the development of quality protein maize (QPM), which has twice the quantity of essential amino acids (Jat et al. 2009 ). Whole maize products are used to a very small extent in India only to substitute for wheat in products for people allergic to wheat gluten. The way in which maize is processed and consumed varies greatly from country to country. Many people in India are not aware of method of processing like lime cooking of maize grains and its advantages like weakening of kernel cell walls to facilitate pericarp removal, degradation or solubilization of the endosperm periphery (Gomez et al. 1989) . Other important effects of nixtamalization include increased bioavailability of niacin, improved protein quality, increased calcium content and reduction of afflatoxin (Bressani et al. 1990 ). The major byproducts of dry millings of maize includes flour, meal and grits which can be used in various culinary preparations like upama, idli, dosa, roti (unleavened flat bread), porridge as well as sweet and savoury dishes either alone or with other cereal and pulse combinations. Quality protein maize has got better potential for roti making owing to its high protein digestibility (78.5 %) compared to sorghum (70 %) (Kulamarva et al. 2009 ). Keeping quality of flour for long term use is utmost important to prevent hazards like mould, bacteria, oxidative rancidity, and changes in functional as well as sensory properties during storage.
Functional property (functionality) is defined as any property of a food or food ingredients, besides its nutritional value that affects its utilization (Pour-ELA 1981) . These functional properties viz., pH, bulk density (BD), water absorption capacity (WAC), oil absorption capacity (OAC), swelling capacity (SWC), and least gelation concentration (LGC) are the intrinsic physicochemical characteristics which may affect the behavior of food systems during storage. Adequate knowledge of these physicochemical properties indicates the usefulness and acceptability for consumption.
The role of packaging is also equally important to keep intact the functional and sensory properties, so also it is a means of providing the correct environmental conditions for food or any other product in order to protect the product against microbiological, chemical or physical deterioration (Komolafe 2005) . Since maize is rich in carbohydrates (68-75 %) and fat (3.0-4.5 %) the attack of Red Flour Beetle (Tribolium castaneum) is common in grain as well as in flour unless it is properly processed and packed in airtight containers which render it to be unsuitable for consumption. Hence the present investigation was carried out to know the best packaging material which retains functional and sensory and rolling properties of QPM flour to extend its shelf life.
Materials and methods
Grains of Quality Protein Maize hybrid (HQPM-7) were procured from AICRP (Maize), Uchani, Karnal (Haryana) were divided into two sets by subjecting one set of grains to lime treatment, and the other as control (without lime treatment). Lime treatment involves the addition of one part of whole maize to two parts of approximately one per cent lime (calcium hydroxide) solution (w/v 1:2) and the mixture was heated to 80ºc for 30 min and allowed to stand overnight. The following day cooking liquor was decanted and maize was washed 3-4 times to remove the excess lime and any impurities in the grain (Palacios-Fonseca et al. 2009 ). Physical parameters such as length, breadth, and thickness of (average of ten) grains were measured using "Digimatic caliper". Thousand grains were manually counted and weight was recorded in grams. Bulk density by Okaka and Potter (1977) , and volume by water displacement method, while colour by visual observation. Lime treated as well as control grains were dried until the moisture percentage reaches to 10-11 % and dry milled in a laboratory mill. Immediately after milling nutritional composition was analyzed for moisture, protein, fat, ash, minerals and crude fiber according to standard procedures of AOAC (2000) . Carbohydrate content was calculated by differential method, while magnesium and potassium were estimated by Versanate titration and Ranganna (1986) respectively.
For storage studies lime treated and control grains were ground three or four times consecutively to obtain the flour of 250 μm (60BS mesh) using domestic flour mill (Rajalakshmi Flour Mill). The whole fresh flour was divided into two parts; one part was stored in polyethylene bags (LDPE 200 gauge thickness) and another in plastic bottles (Pearl Pet Jars) since these are the common storage containers used for storing of flour. Fresh as well as stored samples (0-6 month) were drawn and analyzed for functional, sensory and rolling parameters. Bulk density was calculated as mass of the flour per unit volume (g/ml) as described by Okaka and Potter (1977) . The water absorption and oil absorption capacity (WAC and OAC) were determined by the method of Beuchat (1977) .
The method of Fleming et al. (1974) was used for swelling capacity. The least gelation concentration (LGC) of the flour was determined using the modified method of Coffman and Gracia (1977) . For pH analysis, Samuel et al. (2004) method was followed with the aid of μ pH system 361 (systonics) at temperature of 27°C. Peroxide value (PV) was estimated according to AACC (1990) .
To know the acceptability of flour in terms of sensory parameters, rotis (unleavened dry pan cake) were prepared from fresh as well as stored flour (0-6 months) according to Murthy and Subramanian (1982) with slight modifications, where in approximately 30 g of flour was added with warm water (incremental addition) and allowed for gelatinization on a low flame for 60 s and kneaded into smooth dough. Water required to make the dough was recorded as ml/30 g of flour. Rolling quality i.e. diameter of the roti that is expanded with an equal amount of flour and diameter after baking were recorded using Scale in centimeters (cm). The rotis were subjected to sensory evaluation by a panel of 15 semi-trained judges on a 5 point hedonic scale (Ranganna 1986) , and the data obtained from each treatment was subjected to analysis as described by Steel et al. (1997) .
Results and discussion
Physical parameters such as length, breadth and thickness (11.26-10.52 mm, 9.67-9.14 mm, and 4.72-3.95 mm) were reduced in lime treated grains compared to control (Table 1) . The colour of the untreated grains was lustrous orange yellow, while the treated was non lustrous orange yellow. This even holds good for flour colour. The dull colour of the alkali treated flour is due to the fact that the process of cooking resulted in gelatinization of the maize starch, allowing the cooked grains to imbibe lime solution, there by changing the colour of the samples (Samuel et al. 2004 ).
The perusal of Table 2 indicates that there was no significant difference in moisture content of the samples, but there was a significant increase in ash content of lime treated flour (1.67±0.01 g) compared to untreated flour (1.5±0.02 g). Similar kind of increase in ash content from 1.17 to 1.34 for traditional and commercial nixtamalized flour was reported by Palacios-Fonseca et al. 2009 , and this may be caused by calcium retained and absorbed in the kernel during lime cooking process. A decrease in fat content from 4.03±0.07 to 3.24±0.09 was noticed after the lime treatment. Steeping and nixtamalization process might have contributed to increase in dry matter lost of pericarp and germ tissues. Slight reduction in fibre content was observed after lime cooking (2.41±0.015 to 2.0±0.07 g) which again due to the loss of pericarp that occur during lime treatment (Gutierrez et al. 2007; Serna-saldivar et al. 1988) .
A slight increase of protein content from 10.64 to 10.69 g was noticed in lime treated grains, this was well supported by Samuel et al 2004 study, where in protein content increased slightly from 8.14 in raw maize sample to 8.88 in the sample cooked for 30 min in lime solution. Work done by other researcher's showed comparable amounts of protein in alkaline-cooked corn products compared to original grain, which has been attributed to a concentration effect (Gomez et al. 1987; Serna-saldivar et al. 1988 ). There was a significant increase (p≤0.05) in calcium content of lime treated maize flour (136 mg) compared to control (48 mg). This may be due to the reduction of phytic acid in lime cooking (Bressani et al. 2004 ). Another researcher PalaciosFonseca et al. 2009 also reported an increase in calcium content caused by the calcium retained and absorbed in the kernel during lime-cooking process, so also Sergio et al. (1991) reports increase of calcium from 11 to 163 mg/100 g after the lime treatment. There was a increase in iron content after lime cooking, on the other hand Bressani et al. 2004 observed no difference with respect to iron and zinc contents after nixtamalisation process. However other micro nutrients like phosphorus, potassium, and sulphur increased significantly (p≤0.05) after lime cooking.
The results presented in Table 2 showed that there was no change in bulk density of the treated flour up to 2 months in covers and 3 months in box stored samples. On the other hand it was stable up to 4 months in control samples. Our findings were in accordance with the findings of Adetuyi et Water absorption capacity is an important functional characteristic in the development of ready to eat food from cereal grains, since high water absorption capacity may assure product cohesiveness. The lower water absorption capacity of treated samples (187.3 %) compared to control (200.3 %) indicates that at 1 % lime concentration, the starch hydroxyl sites in the maize might have been saturated resulting in the decreased water absorption as observed by Bryant and Hamaker (1997) . Soaking in water was found to reduce the water absorption capacity of pigeonpea flours compared to raw flour (Okpala and Mamah 2001) . WAC % decreased significantly from 187.3 to 160.3 in plastic bottles and 158.34 in polyethylene covers over a period of 6 months. Significant reduction in WAC was observed in both the samples after 4 months of storage period, irrespective of the packaging material (Tables 3 and 4 ). However our values are lower than the values reported by Adetuyi et al. (2009) for unmalted maize (220 %), and maize + soybean blend (280 %). On the other hand Sosulski et al. (1976) reported a range from 92 % for mungbean flour (Vigna radiata) to 270 % for the Great Northern bean (Phaseolus vulgaris), and water absorption capacity of 271.7±0.6 % was reported for maize flour by Fasasi et al. (2006) . Hence, the water absorption capacity depends on protein content, nature and type of proteins, hydrophilic properties of proteins which in turn related to polar groups such as carbonyl, hydroxyl, amino, carboxyl and sulfhydryl groups, also varies with the number and type of polar groups (Kuntz 1971) . Crude protein and crude fibre contributed to higher water absorption in maize flour, Paul and Ayernor (2002) .
The oil absorption capacity is a critical assessment of flavor retention and increases the palatability of foods (Kinsella 1976) . The initial OAC of the flour was 140 % and it increased significantly over a period of 6 months in both the packages (147.67 in B, 146.67 % in P; Table 3 ) even in control samples there was a significant increase in OAC in both the packages. However, the percent of increase was less in treated samples. Adetuyi et al. (2009) reported an OAC of 180 % for malted blend and 160 % for unmalted blend and it was increased significantly in the first 3 weeks of storage. Different researchers worked on oil absorption capacity of pulses showed a significant variation in OAC% (Beuchat 1977; Sosulski et al. 1976; Sosulski and Fleming 1977) . However, in our study the OAC % increase was found to be non significant up to 3 months (142 %) in lime treated as well as control polyethylene covers. Oil absorption is mainly attributed to the physical entrapment of oil and is related to the number of non polar side chains of fats (Kinsella 1976; Lin et al. 1974 ). The lower oil absorption (WAC 187.3 % and OAC 140 %) of the flour compared to BD bulk density; WAC water absorption capacity; OAC oil absorption capacity; SWC swelling capacity;
LGC least gelation concentration, pH hydrogen ion concentration; PV peroxide value, 0-6 months interval, NS non significant. * Significant at 5 %, values within the parenthesis indicate SEm ± values, n03 BD bulk density; WAC water absorption capacity; OAC oil absorption capacity; SWC swelling capacity;
LGC least gelation concentration, pH hydrogen ion concentration; PV peroxide value, 0-6 months interval, NS non significant, *: Significant at 5 %. Values within the parenthesis indicate SEm ± values, n03 water absorption (Table 3) suggested that the major proteins in maize grain are predominantly hydrophilic in nature. The swelling capacity of the flour is the volume of expansion of molecule in response to water uptake which it possessed until a colloidal suspension is achieved or until further expansion and uptake is prevented by intermolecular forces in swelled particle. There was no difference (p≤0.05) in SWC% up to 2 and 4 months respectively in bottle and cover samples of treated flour (Table 3) where as in control sample irrespective of the packaging material swelling capacity reduced after 3 months (Table 4) . Similar findings were reported by Leach et al. (1959) . The decrease in SWC during storage in two types of containers (B and P) for 12 week storage period for malted maize and unmated maize + soybean blend was observed by Adetuyi et al. (2009) .
Gelation may be defined as protein aggregation phenomenon in which polymer-polymer and polymer-solvent interactions, attractive and repulsive forces are so balanced that a tertiary network or matrix is formed and which is capable of immobilizing or trapping large amounts of water. Further gelation is affected by protein concentration, other protein components in a complex food system, non protein components, pH, reducing agents and heat treatment condition (Schmidt 1981) . As depicted in Tables 3 and 4 LGC % increased as the storage period progressed in treated as well as control samples. There was a marginal difference in LGC values over the months in both the packages. The LGC of maize tilapia flour blend ranged from 4 % to 6 % as reported by Fasasi et al. (2006) . Adetuyi et al. (2009) reported 8 % LGC for unmalted maize soybean blend and 4 % for malted flour, and which differed marginally over a period of 12 weeks. Obatolu and Cole (2000) also observed reduction in the LGC of cowpea and malted maize blend. These variations in LGC could be attributed to the relative ratios of different constituent proteins, carbohydrates and lipids in the flour sample. Sathe et al. (1982) reported that interactions between such components play a significant role in the functional properties.
Fresh lime treated flour had a pH of 6.13; similar pH value was reported by Samuel et al. (2004) for lime treated grains. There was no significant (p≤0.05) difference in the pH value (6.02: B, 5.95: P) up to 3 months of storage (Table 3) . As the storage period progressed, the pH value decreased in both the packages compared to fresh flour. On the other hand significant change was noticed in the pH of control samples from second month itself (Table 4 ). The pH value for unmalted maize was reduced after 12 weeks of storage period as reported by Adetuyi et al. (2009) . This clearly indicates the turning of flour from neutral to slight acidic nature and this was well supported by sensory scores (Tables 4 and 5 ). This flour acidity increases owing to the accumulation of linoleic and linolenic acids which are slowly oxidized; hence solubility of the protein decreases (Kent 1978) .
Peroxide values usually used as an indicator of deterioration of fats, as oxidation takes place. The double bond in the unsaturated fatty acids is broken down to produce secondary oxidation products which in turn causes rancidity (Ihekoronye and Ngoddy 1985) . Peroxide values were stable up to 2 month (B) and 3 month (P) in treated samples. As the storage increased peroxide values increased in both the samples. This agreed with the observation of Gahalwat and Sehgal (1992) that the peroxide value and fat acidity of weaning food developed from locally available food stuffs increased with increase in storage period. On the other hand Kwaku et al. (2004) reported a PV of 1.64±0.38 for cowpea groundnut blend miso like product and the reason for increase in the peroxide value is that oxidation of fat increases the peroxide percentage in the product. Similar results were reported by Eagan et al. 1981 , who investigated that the peroxide value of fresh oil and fats is usually below 10 meq/kg and for rancid oils and fats is above 20 meq/ kg. Maize flour treated and control samples exhibited a peroxide values well within the BIS limits (<10 meq/kg of fat) in the present study. Perusal of Fig. 1 indicates that the water uptake by 30 g of flour was 40 ml initially, which decreased as the months of storage increased in treated as well as control samples but the decrease was more in control samples after 1 month of storage in both the packages, while the treated samples were stable up to 3 months in cover and 2 months in box storage. Studies by Subramanian et al. 1983 showed that the water absorption of different sorghum cultivars was varied from 36 to 43 ml/50 g of flour, indicates that the maize flour has a higher water requirement compared to sorghum flour. There was no change in rolling quality and diameter after baking up to 3 months in treated covers, but the control samples showed decreasing trend from second month.
The mean sensory scores for lime treated ( Table 5 ) samples revealed that the overall acceptability (OAA) scores were very good up to third month of storage (4.0) in covers while box retained up to 2 months. Texture and taste of the roti decreased significantly (p≤0.05) after fourth month of storage (3.4 (P) and 3.2 (B) for texture, 3.6 (P) and 3.1 (B), for taste). In control samples (Table 6 ) mean taste (3.6) and mouth feel (3.8) as well as OAA scores (3.8) decreased after second month of storage, which is due to the undesirable flavor and bitter after taste (mouth feel) observed in control samples of both the packages. While no such undesirable observation was made in treated samples that might be due to the lime water treatment to the grains. Hence the flour as well as rotis retained good aroma as well as taste (Table 5 ). This is in agreement with Bressani et al. (1990) , where in the advantages of lime water treatment to maize includes increased digestibility, and palatability. Rotis rolling quality and diameter after baking decreased after 4 months indicating that the rotis could not be rolled into thin forms, might be due to the lower water uptake by the flour (Fig. 1 ) which in turn supported by Hart et al. (1970) , who also have reported a lack of consistency and elasticity in sorghum dough at lower moister contents; while increasing the moisture content only lead to a batter like consistency. The dough broke apart easily and its properties did not improve upon kneading either. Hence sensory evaluation could not be done after 4 months of storage. This was supported by a significant decrease in pH values from neutral to slightly acidic (6.13 to 5.80 P), so also lipid hydrolysis indeed leads to free fatty acids formation, which imports a rancid off flavor to the product and they can also form complexes with amylase, thus decreasing water solubility (Mestres et al. (1997) .
Conclusion
The present investigation revealed that the lime treated quality protein maize flour (QPM) having good palatability, aroma, increased amount of calcium, ash, magnesium, and iron contents can be stored in LDPE covers of 200 gauge thickness for a period of 3 months without affecting the functional (bulk density, pH, swelling capacity, water and oil absorption capacity, least gelation concentration, peroxide value) rolling parameters (water absorption by flour, rolling quality and diameter after baking) and sensory (appearance, color, taste, texture, mouth feel and overall acceptability) parameters. While the plastic boxes retained above parameters up to 2 months at ambient conditions. Hence lime treated maize flour with added nutritional benefits is suitable for roti making with good palatability can be stored in LDPE covers up to 3 months, to aid in long distance transportation and storage with a cautionary note of best before 3 months of packing.
